A species of porcine coccidia, Zsospora suis, when inoculated into piglets, produced diarrhea, dehydration, weight loss and death. Gross lesions were characterized by a fibrinonecrotic membrane within the jejunum and ileum. Villous atrophy and variable erosion, often with an adhered necrotic membrane, were seen microscopically. Asexual and sexual stages of I. suis were seen within the intestinal epithelium and oocysts were recovered from the feces. The seventy of clinical disease and lesions were dose-related.
In 1934, researchers recognized pig diarrhea and enteritis associated with coccidia and identified a new species of porcine coccidia as Isospora suis [2] . The oocysts of eight species of Eimeria and one species of Isospora in swine have been described [ 131. Although coccidia are widespread in the swine population [15] , most authors have considered swine coccidia not to be of clinical importance [ I l , 141. With confinement swine facilities now a common husbandry practice, clinical coccidiosis has been seen more frequently [3, 5 , 101. Investigators at the Veterinary Diagnostic and Investigational Laboratory at Tifton, Ga., have described in piglets a clinical and pathologic entity associated with coccidiosis [lo] . In 1978, sporulated oocysts of I. suis were recovered from 23 (49%) of 47 clinical cases studied. Oocysts of I. suis were given to five litters of piglets in an attempt to reproduce the disease seen by practitioners and the laboratory diagnosticians.
Materials and Methods
The original I. suis inoculum was obtained from a 10-day-old piglet with clinical coccidiosis from which only oocysts of 1. suis were recovered. Feces from this piglet were placed in 2.5% potassium dichromate in petri dishes or aerated flasks for 3 to 5 days for sporulation of oocysts. The fecal suspension was passed through wire mesh sieves, centrifuged at 1,500 rpm for 5 minutes, and the supernatant discarded. The oocyst pellet was resuspended in Sheathers sugar solution (1 2 9 specific gravity) and the oocysts harvested, washed in water to remove potassium dichromate and sugar and counted with a hemacytometer. Ten of 12 counts (discarding high and low counts) were averaged and the dose calculated. These sporulated oocysts were passed through young pigs shown to be negative for coccidial oocysts in the feces. The pigs were maintained in individual wire bottom cages and used to obtain oocysts to dose litters 1 and 2. Subsequent litters (3,4 and 5) were dosed with I. suis oocysts from these pigs and from piglets of litters I and 2.
Bred sows were purchased and placed into semi-isolation farrowing facilities. Repeated fecal examinations were made for presence of coccidial oocysts. Sows that passed oocysts were placed on amprolium (Amprol25%, Merck and Co., Rahway, N.J.) to eliminate shedding of oocysts. All sows were negative for I. suis and remained negative for all species of coccidia throughout the study. Routine husbandry practices were followed during farrowing and postfarrowing care of piglets. Piglets in litters 1 and 2 were inoculated via stomach tube at 3 days old with 3,000 and 10.000 sporulated I. suis oocysts, respectively. Piglets from litters 3, 4 and 5 were inoculated via stomach tube at I day old with 150,000, 200,000 and 400,000 sporulated 1. suis oocysts, respectively. Litter 6 and eight piglets from litters 2 and 4 were uninoculated controls for resident viral and bacterial organisms, sow rations, housing and environmental conditions (table I) .
Piglets in each litter were killed with intravenous barbiturate at various times (12 hours to 14 days) after inoculation with oocysts. Lung, liver, kidney, spleen, mid-jejunum, colon and mesenteric lymph nodes were collected for bacteriologic and histologic survey. Mid-jejunum also was collected for transmissible gastroenteritis and rotavirus direct immunofluorescent procedures. Sections of intestine from each 30.4-centimeter segment of small intestine and from colon were placed into 10% buffered formalin. Smears of intestinal mucosa from the anterior duodenum, mid-jejunum and ileum were fmed in methanol and stained with Wright-Giemsa. The remainder of the intestine was opened and mucosal scrapings were examined for Sirongyloides ransomi. Colon content was examined for oocysts by smears, direct sugar flotation and McMaster technique. Four-micrometer histologic sections of each segment of small intestine and colon were stained with hematoxylin and eosin (HE). Selected tissues were stained with Giemsa and gram stains. On microscopic examination of intestines, the extent of villous atrophy, necrosis and relative numbers of asexual and sexual stages of I. suis were recorded for each segment of intestine.
Results
No coccidia were seen in the five piglets of litter 1 killed 12 to 72 hours after inoculation. Occasional organisms (1 to IO/section) were found in the jejunum and ileum of the remaining piglets killed 4 to 9 days after inoculation. Mild villous atrophy and increased focal neutrophilic and lymphocytic infiltrate in the lamina propria of villi were in the pigs killed 7 to 9 days after inoculation. Oocysts (400 I. suis/g) were found in colon content of one piglet killed 9 days after inoculation.
In the piglets of litter 2 killed 24 to 48 hours after inoculation no coccidia were seen and only a few coccidia were seen at 72 hours after inoculation. Piglets killed 5, 7 and 9 days after inoculation had five to 20 coccidia per section with both asexual and sexual stages within villous epithelial cells of the jejunum and ileum. Mild villous atrophy and mild focal erosion of surface epithelium were in the ileum of the piglet killed 7 days after inoculation. A few asexual and sexual stages were seen within the villous epithelium of the duodenum in the piglet killed 5 days after inoculation. No coccidia were seen in the colonic epithelium. Oocysts were seen in smears of colon content collected at necropsy from piglets killed 5 , 7 and 8 days after inoculation. Six uninoculated piglets of litter 2 remained clinically normal.
Profuse yellow diarrhea occurred 72 hours after inoculation in all piglets of litter 3 and continued until all piglets were killed. Four piglets killed between 12 to 48 hours after inoculation had no coccidia or lesions in the intestinal sections examined. A few asexual stages were seen in the villous epithelium of the small intestine in the piglet killed 72 hours after inoculation. In piglets killed 4 to 6 days after inoculation, prominent villous atrophy in the jejunum and ileum and mild villous atrophy in the duodenum were seen. Moderate numbers of asexual and sexual stages were throughout the small intestine. Mild erosion and necrosis of the lamina propria with neutrophilic infiltrate were seen in the mid-jejunum. In the piglet killed 7 days after inoculation few coccidia were found and villous atrophy was mild. Coccidia were also in the colonic epithelium of piglets killed 4 to 5 days after inoculation. Colon content of piglets killed 5 to 7 days after inoculation had 600, 11,400 and 16,200 oocysts/g, respectively.
The response of litter 4 to the dose of 200,000 sporulated oocysts was characterized by emaciation, lethargy, profuse diarrhea and necrotic enteritis. Severe diarrhea developed in all piglets 72 hours after inoculation and continued for 5 days at which time one of two remaining piglets developed firm feces. The piglets killed 48 to 72 hours after inoculation had no gross lesions and no or few coccidia in villous epithelium. A fibrinonecrotic membrane was observed macroscopically in two piglets killed 5 and 10 days after inoculation. The jejunum was the predominant section of intestine affected in piglets killed 4 to 10 days after inoculation. Villous atrophy and fusion were marked in the anterior jejunum, and focal erosion to necrosis of villi and adhered necrotic debris predominated in the mid-and lower jejunum and ileum ( fig.   1 , 2). Many asexual stages were in the epithelium of the jejunum (fig. 3, 4 ), ileum and colon. Occasional asexual and sexual stages were seen in the duodenum of piglets killed 4, 5 and 6 days after inoculation, while many were in the colonic epithelium of two piglets killed 4 and 5 days after inoculation. Large numbers of merozoites and multinucleated meronts were in mucosal scrapings from jejunum and ileum ( fig. 4 , inset). Oocysts were in colon content of piglets killed 5 days after inoculation (1,80O/g), 6 days after inoculation (64,20O/g), 7 days after inoculation (3,00O/g), 8 days after inoculation (21,60O/g) and 9 days after inoculation (7,20O/g). Two uninoculated clinically normal littermates killed at 12 and 13 days old had mild to moderate atrophy of villi in the mid-jejunum. This was associated with asexual and sexual stages. One piglet had 2,400 oocysts/g in the colon content; the other piglet was negative.
Severe clinical signs and lesions developed 72 to 96 hours after inoculation in piglets of litter 5 with 400,000 sporulated oocysts. Two piglets died 72 hours after inoculation, 4 died 96 hours after inoculation and 4 were killed when comatose 96 hours after inoculation. At necropsy six piglets had a fibrinonecrotic membrane within the jejunum and ileum, the former more severely affected ( fig. 5) . Microscopically, there were marked villous atrophy, necrosis, adhered necrotic debris and hyperplasia of crypt epithelium (fig. 6 ). Lymphocytic and neutrophilic infiltrate in the lamina propria was marked. Merozoites were in both remaining epithelial cells and necrotic debris in the lumen. Both sexual ( fig. 7) and asexual stages were in duodenum and colon from eight piglets. Focal erosion and adhered debris occasionally were seen in sections of colon. Oocysts were seen in smears of colon content from three of eight piglets necropsied 96 hours after inoculation. The two surviving piglets had profuse diarrhea and were emaciated. Oocysts were in the feces for 5 days (5 to 9 days after inoculation) in the piglet killed 9 days after inoculation, and in the feces for 8 days (5 to 12 days after inoculation) in the piglet killed 14 days after inoculation. Microscopically, the piglet killed 9 days after inoculation had marked villous atrophy and increased lymphocytic and neutrophilic infiltrate in the lamina propria of the jejunum and ileum; few coccidia were observed. Neither lesions nor coccidia were seen in the piglet killed 14 days after inoculation.
Litter 6 served as morphologic and bacteriologic control. The piglets were clinically normal, passed no oocysts, and neither gross nor microscopic changes were seen in those killed.
Forty-nine piglets were killed from six litters. Neither rotavirus nor transmissible gastroenteritis virus was demonstrated by fluorescent antibody techniques. Sfrongyloides ransomi was not found in washings and scraping of the small intestines. An alpha Streptococcus species was isolated from the intestine of one piglet, Klebsiella pneumoniae from another, and Escherichia coli in pure or predominant growth from the intestine of six piglets. Serotypes of the E. coli isolates were not determined.
Lesions in extraintestinal tissues were limited to mild focal pyogranulomatous lymphadenitis within the mesenteric lymph nodes of five piglets and small focal Fig. 4 Meront (large arrow), merozoites (medium arrow) and macrogamont (small arrow) within villous epithelium of jejunum from 5-day-old piglet given 200,000 sporulated I. suis oocysts. One-micrometer section. Toluidine blue. Insets: Uninucleate merozoite (upper right) and multinucleated meront (lower right) in mucosal scraping from piglet given 200,000 I. suis oocysts. Wright-Giemsa. Fig. 5 Fibrinonecrotic membranes in jejunum from two 5-day-old piglets given 400,000 sporulated I. suis oocysts at 1 day old. granulomas in the lung of two piglets. Coccidia were not seen in extraintestinal lesions.
Discussion
Neonatal diarrhea in piglets is a common clinical and diagnostic entity. Enteropathogens usually considered in the differential diagnosis of diarrhea in piglets include pathogenic strains of E. coli, transmissible gastroenteritis virus, rotavirus, Strongyloides ransomi and Clostridium perfringens type C. Coccidia, a common cause of diarrhea in many animal species, have not been considered to be a pathogen in swine, although the prevalence is high [ 1 1, 13, 151. One researcher reported a 60% Fig. 6 Moderate necrosis of villi with adhered fibrinonecrotic membrane in jejunum from 5-day-old piglet given 400,000 sporulated I. suis oocysts at I day old. HE. Fig. 7 : Atrophic villus with male (curved arrow) and female (large arrows) gamonts within villous epithelium of duodenum from 5-day-old piglet given 400,000 sporulated I. suis oocysts. HE. prevalence of coccidia in swine raised on pasture and a 2.4% prevalence in swine raised on concrete. A low prevalence (0.5%) of I. suis was found in pigs at least 3 weeks old [ 151. Recently, veterinary diagnosticians have observed coccidiosis as a distinct clinical entity in piglets. These piglets develop severe diarrhea at 5 to 10 days old, are nonresponsive to antibiotic therapy and have moderate mortality [3, 5, lo] .
In 1978, we observed 59 cases of coccidiosis in piglets involving 52 different swine operations in south Georgia. In 47 of those cases attempts to identify the coccidia species were made by harvesting and sporulating oocysts from colon content of necropsied piglets. Twenty-three (49%) demonstrated I. suis as the only species present and six cases demonstrated mixed infections. Oocysts were not recovered in the remaining cases. This high incidence of I. suis in piglets is in contrast to a previous report that piglets reared in an infected herd are usually resistent to natural infection by I. suis for the first 3 weeks of life [9] .
No clinical signs or gross lesions and minimal histologic changes were seen in piglets experimentally inoculated with 3,000 or 10,000 sporulated I. suis oocysts. Diarrhea, dehydration, emaciation and lethargy were observed in piglets receiving 150,000 to 400,000 oocysts. The prepatent period of I. suis in our studies was 5 days with oocyst shedding lasting 5 to 8 days, which is in agreement with previous reports [2, 111. The response of piglets to the inoculum of 200,000 sporulated-I. suis oocysts more closely followed the usual clinical disease pattern. Inoculum of 400,000 sporulated I. suis oocysts caused severe enteritis in excess of the usual clinical disease pattern.
I. suis-induced enteritis in piglets was characterized by mild to severe villous atrophy and necrosis of villous epithelium often with diphtheritic membrane and few to many organisms. Lesions usually developed 4 to 5 days after inoculation. At necropsy the jejunum and ileum of piglets often looked thick and turgid. A fibrinonecrotic exudate often filled the intestinal lumen or delicate fibrinous strands were adhered to the mucosa. Necrotic enteritis in piglets is not seen with colibacillosis, transmissible gastroenteritis, rotavirus, or strongyloidosis [6, 8, 121 . Clostridial enteritis in piglets is grossly more hemorrhagic with severe mucosal lysis and colonization of villi by gram positive bacilli [3, 6] . Bacteria were seen within the intestine of piglets from all litters and within adhered fibrinonecrotic debris in piglets with enteritis. Most of these bacteria were gram-positive cocci and colonization of villi was not seen. Pusteurellu uerogenes was not isolated from inoculated litters or from clinical cases in our study but has been isolated from piglets with necrotic enteritis by other investigators [3] .
The numbers of asexual and sexual stages within villous epithelium also was related to the dose of oocysts received. Organisms were in a parasitophorus vacuole within the host cell cytoplasm. One or more meronts or merozoites were within a single parasitophorus vacuole and were also seen on mucosal smears. Merozoites of different size were observed and corresponded to different generations of the endogenous life cycle. Sexual stages (gamonts) were either microgamonts (male) or macrogamonts (female). These sexual stages and immature oocysts were in lesser numbers, with the distinction between macrogamonts and oocysts often unclear. In most clinical cases gamonts were not as prevalent as were seen in the piglets inoculated with 150,000 to 200,000 oocysts. Because there was severe mucosal damage, surviving piglets inoculated with 400,000 sporulated oocysts passed fewer oocysts than those inoculated with 200,000 oocysts. Villous epithelial cell necrosis was more pronounced with the higher inoculum and was associated with the presence of more asexual than sexual stages. Most spontaneous clinical cases did not have the large numbers of asexual stages in the colon as occurred in piglets inoculated with 400,000 I. suis oocysts.
The number of oocysts received and the extent of epithelial damage determined the rapidity and extent of clinical recovery. In I. suis enteritis as with transmissible gastroenteritis and other diseases that affect primarily the villi, the crypt epithelium is responsive and new epithelial cells migrate to cover denuded villi if the lamina propria remains intact. In piglets with marked necrosis and membrane formation, regeneration attempts probably are unsuccessful.
Villous atrophy was a prominent feature of both spontaneous and induced I. suis enteritis in piglets. Organisms were found within the epithelium covering the blunted villi. Villous atrophy is also a prominent feature of transmissible gastroenteritis and rotavirus enteritis in piglets [6] . Neither transmissible gastroenteritis virus nor rotavirus was observed by immunofluorescent procedures in these experimentally inoculated litters. Coccidia may also be present in spontaneous field cases along with Strongyloides runsomi, with positive immunofluorescence for transmissible gasfroenteritis virus or rotavirus, or with other enteropathogens [3, 101. Many pathologists therefore have considered coccidia in piglets to be of secondary importance rather than a primary pathogen [ 11. Rotaviral diarrhea often is associated with pathogenic E. cofi in scours in piglets, further supporting the multifactorial cause of diarrhea in piglets or calves in field cases [7, 161 . The enteritis seen in piglets with I. suis is similar to that in canine coccidiosis associated with an I. ohioensis-like organism [4] .
Our study demonstrated that I. suis did produce severe enteritis in piglets. Further work is necessary to characterize the endogenous life cycle of I. suis.
